INTRODUCTION
============

Lymphoproliferative disorder (LPD), including malignant lymphoma, is a rare but well-known life threatening complication developing in patients with rheumatoid arthritis (RA). The risk of developing LPD is 2.0- to 5.5-fold higher in RA patients than in the general population due to RA inflammation.[@r1]^-^[@r3] Methotrexate (MTX) is a first-line synthetic disease-modifying anti-rheumatic drug (DMARD) for the treatment of rheumatoid arthritis (RA) worldwide.[@r4]^,^[@r5] As regression of LPD after MTX cessation was reported in several patient populations from the early 1990's,[@r6]^,^[@r7] LPD has been considered to develop during suppression of immune surveillance by MTX. Spontaneous regression of LPD after MTX discontinuation is characteristic of MTX-LPD, and is the underlying theory of MTX playing a role in the onset of LPD.

Although 30--60% of MTX-LPD was reported to exhibit spontaneous regression after MTX cessation,[@r8]^,^[@r9] higher rates (59-90%) have been reported in recent articles from Japan.[@r10]^,^[@r11] LPD that developed under immunosuppressive agents was proposed as an independent disease concept as 'other iatrogenic immunodeficiency-associated LPD (OIIA-LPD)' in the 2008 WHO classification of tumours of hematopoietic and lymphoid tissues.[@r8] However, as many risk factors and immunological backgrounds other than MTX administration have been reported to be associated with the development of LPD in RA patients, the immunological relationship of these factors must be considered. The MTX-LPD category of OIIA-LPD was removed from the 2016 revision of the WHO classification[@r12] due to this complicated background. In this review, LPD that developed under MTX administration was collectively referred to as "MTX-LPD", and the immune response in MTX-LPD that developed in RA patients was focused on.

IMMUNOLOGICAL BACKGROUND IN MTX-LPD DEVELOPING IN RA PATIENTS
=============================================================

RA and EBV
----------

The expression of EBV genes in RA synovium was reported to be higher than that in OA control synovium,[@r13]^,^[@r14] and another report suggested EBV involvement in anti-cyclic citrullinated peptide antibody (ACPA) production.[@r15] Therefore, there may be a close relationship between RA pathogenesis and EBV infection.[@r16]^,^[@r17] In general, latent infection of EBV is considered to be controlled by the cytotoxic T lymphocytes that survived after the primary infection.[@r16] T lymphocytes isolated from RA patients were reported to be unable to efficiently control the growth of EBV-positive B lymphoblastoid lines.[@r18] Furthermore, the response and induction[@r19] of EBV-specific cytotoxic T cells to control latent infection of EBV were found to be reduced in RA patients: higher disease activity and stronger inflammation of RA are related to the suppressed response of EBV-specific cytotoxic T cells.[@r20]^,^[@r21] EBV-specific cytotoxic T cells are suppressed qualitatively and quantitatively in RA patients. In addition, Balandraud *et al*. reported that the EBV load in PBMC is 10-fold higher in RA patients than in healthy controls. In this study, the EBV load was not associated with RA activity or treatment.[@r22] Although another group reported that the serum EBV load did not change after MTX administration in GPA patients, it increased after MTX administration in RA patients,[@r23] and EBV response by MTX administration may be different in patients with RA or other diseases. On the other hand, there are also reports that the EBV load did not differ significantly among RA patients receiving MTX, those with untreated RA, with spondyloarthritis, or healthy controls.[@r24] The factors causing the differences in the results of these studies are not well known. As described above, there is a possibility of EBV involvement in the pathophysiological conditions of RA itself, and the RA environment may aid in EBV activation.

RA inflammation and LPD development
-----------------------------------

The risk of developing LPD was reported to be significantly higher in RA patients than in the general population. As a higher cumulative RA disease activity is associated with a higher risk of developing lymphoma, systemic inflammation exposure may function in lymphoma development.[@r1] In this study, RA treatment did not change the risk of lymphoma development. Pro-inflammatory cytokines, such as tumor necrosis factor alpha (TNF-α) and interleukin-6 (IL-6), have a key role in RA pathophysiology.[@r25]

In addition to being a key inflammatory mediator in RA, TNF-α acts as a growth factor for lymphoma, and the genetic variation in the TNFα genes is associated with an increased risk of diffuse large B-cell lymphoma.[@r26] Moreover, the serum levels of TNF-α and IL-6 were reported to be associated with poor outcomes in diffuse large B-cell lymphoma patients.[@r27] TNF-α was hypothesized to have pleiotropic effects on both tumor growth inhibition and tumor promotion.[@r28] TNF-α was first identified by its ability to induce necrosis in experimental cancers, and was not only produced by tumor cells, but also detected in the tumor microenvironment in several types of cancers; therefore, TNF was thought to enhance cancer growth.[@r29] It has also been reported that the use of TNF inhibitors in RA does not significantly change the risk of developing lymphoma.[@r28]

IL-6 is known to affect immune cell proliferation and suspected to play a similar role in lymphoma cells.[@r30] Originally, IL-6 was reported as a T cell-derived factor to induce the differentiation of activated B cells to plasma cells, and was named B cell stimulatory factor-2 (BSF-2).[@r31] In the hematopoietic system, IL-6 predominantly plays a role as a growth regulatory factor in B cell malignancies. The involvement of IL-6 in the pathophysiology of B-cell leukemia and lymphomas, as well as some T cell malignancies, has been suggested: serum IL-6 or soluble IL-6 receptor (sIL-6R) levels were reported to be high in many cases of non-Hodgkin lymphoma, classic Hodgkin lymphoma, and adult T cell leukemia/lymphoma.[@r32]^,^[@r33] In patients with diffuse large B cell lymphoma (DLBCL), the serum IL-6 levels correlate with a poor prognosis.[@r30] Autocrine IL-6 production from lymphoma cells may provide proliferative and anti-apoptotic signals. Immunohistochemical examinations demonstrated that IL-6 was expressed in non-malignant cells around the tumor cells, whereas the tumor cells were positive for IL-6R.[@r34] In addition, IL-6 expression and the presence of immune-blasts were correlated in the malignant clone. IL-6 was also reported to recruit myeloid-derived suppressive cells (MDSCs), which can suppress T-cell responses against malignant cells.[@r35] Increased apoptotic resistance is mediated by Bcl-2^36^ and abnormalities in the enhancement of B-cell activating factor/B lymphocyte stimulator (BAFF/BlyS),[@r36] both of which are increased in RA patients.[@r37] High BAFF/BlyS also promote the proliferation and survival of B-cell lymphoma.[@r38] Sustained B-cell proliferation may increase the risk of adverse genetic events, and eventually lead to the emergence of a neoplastic clone.[@r26] Other cytokines, such as IL-10, also known to be increased in RA, may function as autocrine growth factors in B-cell lymphomas.[@r39] As described above, RA inflammation has been reported to suppress the surveillance of EBV infection, and it is possible that RA inflammation and associated cytokines are involved in the development of EBV-associated LPD. According to a recent study, the accumulated inflammatory RA activity at the early stage of the disease was not associated with the risk of LPD development, the marked improvement of RA control following the emergence of biologics may explain the discrepancy with the previous study.[@r40] Our study also demonstrated that LPD in recent RA patients mostly developed under the condition of low disease activity, possibly due to the increase in MTX dose and the wide spread use of biologic agents.[@r41] It has been suggested that the balance of risk of LPD development related to RA inflammation and that due to RA treatment is changing. On the other hand, the disease activity score remained a significant risk factor for LPD in RA patients receiving MTX in another recent study.[@r42] Differences in design and patient population are important when interpreting the results of each study.

MTX and EBV
-----------

MTX is an anti-folate agent that inhibits dihydrofolate reductase (DHFR) and thymidylate synthetase (TYMS). It is a disease-modifying anti-rheumatic drug (DMARD), and currently remains the first-line and anchor drug for the treatment of RA despite the widespread use of biologic agents.[@r4]^,^[@r5] MTX was initially administered at high doses (up to 1,000 mg) to leukemia patients in the 1940's, and was subsequently speculated to be effective at low doses (15--25 mg per week) in patients with RA.[@r43] The first use of MTX for RA was documented in 1951, although widespread use was noted in the 1980s.[@r44]^,^[@r45]

EBV is considered to have some mechanism of lymphomagenesis via apoptosis protection and B cell transformation.[@r46] As mentioned above, RA patients treated using MTX-containing regimens had significantly higher EBV loads in the blood than those treated using regimens without MTX. The effects of MTX and other immunosuppressants on *in vitro* EBV replication in EBV- infected lymphoblastoid cell lines were assessed in the same study,[@r23] and only MTX induced the activation of promoters of both immediate early EBV proteins (BZLF1 and BRLF1) and increased their expression. However, other drugs, including azathioprine, cyclosporine, cyclophosphamide, mycophenolic acid, and prednisone, did not increase the expression of BMRF1.[@r23] The induction of EBV protein by MTX required the p38 MAP kinase, PI3 kinase, and MEK pathways, and it was assumed that MTX influences EBV reactivation at the onset of EBV-related LPD. On the other hand, another group reported that the EBV load and amount of EBV-specific IFN-γ producing T cells were not significantly different in RA patients during and after MTX and TNF inhibitor administration.[@r24] Whether MTX affects the EBV-load and anti-EBV response *in vivo* remains controversial. As another mechanism of EBV activation under MTX administration, the activation of EBV release from EBV-infected cells via the suppression of T cell activity by MTX and reduction in expression of T cell adhesion molecule has been reported.[@r47]

Low-dose MTX administration in RA patients
------------------------------------------

As MTX was developed as an anti-folate agent expected to have anti-leukemia effects at high doses, the mechanism of action of low-dose MTX administration in RA patients remained a challenge. Recently, adenosine signaling has been considered to play an important role in MTX-mediated anti-inflammatory effects in many immune cell subtypes.[@r48] Polyglutamated MTX can inhibit the activity of 5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) transformylase (ATIC), resulting in the accumulation of intracellular AICAR, which antagonizes the activity of adenosine deaminase and increases the concentration of adenosine.[@r43] Adenosine is externalized by the cell, and extracellular adenosine signals exhibit anti-inflammatory effects in an autocrine and paracrine manner via its receptor.[@r43] In addition, MTX treatment of antigen-stimulated peripheral blood mononuclear cells caused an adenosine- and folate-dependent reduction in intercellular adhesion molecule 1 (ICAM1),[@r47] which functions in the migration of leukocytes. MTX therapy was also reported to reduce the expression of other adhesion molecules such as E-selectin and vascular cell adhesion protein 1 (VCAM1).[@r49] This suggests that methotrexate reduces adhesion molecule immune-cell trafficking and cell-cell contact at the inflammation site, which also function in the tumor microenvironment.[@r50] On the other hand, MTX-induced apoptosis in activated T cells was also demonstrated *ex vivo* in patients with RA.[@r51] From the viewpoint of its action on lymphocytes, MTX inhibits Th1 responses and cytokine production, including IFN-γ.[@r52]^-^[@r54] T cells isolated from MTX-treated patients with RA have a reduced capacity to produce TNF, IL-6, and GM-CSF, compared with T cells from MTX-naive patients.[@r54]^,^[@r55] In addition, MTX also reduces gamma delta T lymphocytes, which exhibit anti-tumor effects via a perforin-mediated cytotoxic mechanism.[@r56]^,^[@r57]

MTX-LPD IN RA PATIENTS
======================

MTX and lymphomageneity
-----------------------

It was previously reported that MTX itself does not demonstrate dose-dependent lymphomageneity or carcinogeneity.[@r58] On the other hand, several genes within the folate pathway have been reported to be associated with the risk of lymphoma in general, including methylenetetrahydrofolate reductase (MTHFR) and thymidylate synthase (TYMS).[@r59]^,^[@r60] As MTX is an anti-folate metabolic agent, its action on the folate metabolic pathway may affect the risk of lymphoma development, but there are no studies as to whether the variations in these genes are linked to MTX-LPD development.[@r61] Although the distribution of histological type of other iatrogenic immunodeficiency-associated LPD, including MTX-LPD, differs from that in the general population and post-transplantation settings, LPD that developed in non-immunosuppressed hosts and MTX-LPD were unable to be distinguished by immunophenotype.[@r8] A recent study that compared the difference in gene analysis profile and immunohistochemistry between DLBCL developing during MTX administration and DLBCL in the general population revealed a characteristic genomic profile with 3q and 12 gains, 13q loss, and a microenvironment with high numbers of cytotoxic T lymphocytes and M2 macrophages in MTX-DLBCL.[@r62] However, as all cases of MTX-DLBCL in this analysis developed in RA patients, the difference in genomic profile between DLBCL in RA patients with and without MTX administration was unable to be referred to. Specific gene expression or immunohistochemistry patterns that can distinguish whether MTX plays a role in the onset of LPD or that can predict risk reduction after MTX withdrawal are awaited. As a large epidemiological study, Wolfe and colleagues reported that the use of MTX did not increase the risk of developing LPD in RA patients in Western countries.[@r63] A retrospective analysis in patients administered MTX and other DMARD found no significant difference among the incidence and subtypes of lymphoma.[@r64] Although there is no clear epidemiological evidence of increased risk of developing LPD in RA patients during MTX administration among Western countries, reports from Japan[@r2]^,^[@r3] suggested the use of MTX and MTX dose to be associated with the risk of LPD development. Therefore, LPD development during MTX administration may be affected by differences in race, and genetic and geological factors that are associated with the frequency and sensitivity of latent EBV infection.

EBV-positive and -negative MTX-LPD in RA
----------------------------------------

As mentioned above, there are multiple risk factors for LPD developing in RA patients, such as RA inflammation, subclinical and latent activation of EBV, and immunosuppressive treatment, including MTX. Thus, the pathogenesis is complicated. In 1993, the first description of regressing EBV-positive lymphoma during MTX treatment was reported.[@r7]

In general, EBV is detected in LPD such as B cell lymphoma, including Burkitt lymphoma, Hodgkin lymphoma, and nasal cavity NK/T cell lymphoma.[@r65] Although the detection rate of EBV is 5-10% in general LPD,[@r66] a study on RA-LPD revealed 30-60% of RA patients to be EBV positive, but MTX administration had no effect on this percentage.[@r67] Regarding pathological subtypes in MTX-LPD, EBV positivity was relatively high in Hodgkin lymphoma (-80%), compared with the 20-30% in DLBCL and other B cell lymphoma.[@r8] Histopathology and immunophenotype, genetics and clinical characteristics, clinicopathological features, and clinical management of MTX-LPD are well summarized in other reviews.[@r68]^,^[@r69] The proportion of DLBCL in RA-LPD was approximately 60%, being higher than that in the general population (30-40%).[@r67]^,^[@r70] Another study found that DLBCL was predominant in RA-LPD before the widespread use of MTX, including in untreated RA patients.[@r71] This suggests that the higher EBV positivity and predominance of DLBCL in LPD developed in RA patients compared with in the general population are mainly affected by factors associated with RA, and the influence of immunosuppressive therapy, including MTX, may be minor. However, the spontaneous regression of LPD after the cessation of MTX was regarded as strong evidence of its influence on lymphomageneity, and EBER positivity was considered to be a favorable sign of regression and progression-free survival,[@r10]^,^[@r67]^,^[@r72] and the pathological category may impact the prognosis.[@r72]

In general, the pattern of latent EBV infection is classified into latency I to III based on the expression pattern of viral antigens: latency III is the most extensive form of latent infection, involving the expression in EBV-encoded proteins and non-coding RNAs.[@r46] Post-transplant lymphoproliferative disease (PTLD) is another iatrogenic LPD, and a potentially fatal complication of immune-compromised transplant patients, and 50-70% of all PLTD cases are estimated to be associated with EBV infection.[@r73] Increased EBV viral load and reduced EBV-specific T-cell responses are considered to be related to the pathogenesis of PTLD.[@r74] As an increased EBV viral load at the diagnosis of MTX-LPD and reduction in regression phase are common during the MTX-LPD clinical course, similar mechanisms to PTLD are hypothesized in the pathogenesis of MTX-LPD. In addition, similar to PTLD, EBV-positive MTX-LPD was reported as more likely in latency II, followed by latency III, although the latency classification had no predictive value for the prognosis of MTX-LPD.[@r75]

DNA methylation is a well-known epigenetic modification affecting DNA transcription to control gene expression without changing the DNA sequence, which can interrupt the expression of tumor suppressor genes.[@r76] Patients with malignant lymphoma and carcinoma prognosis are known have a poorer prognosis than those with a high CpG island methylator phenotype (CIMP) score.[@r77]^,^[@r78] Among MTX-LPD in RA patients, EBV positivity was reported to be associated with a lower incidence of CIMP in tumors, including apoptosis-related genes, and lower BCL2 expression. It is also associated with a higher probability of spontaneous LPD regression after MTX cessation.[@r79] A lower incidence of DNA methylation and relatively higher expression of tumor suppressor genes may explain the favorable signs of regression in EBV-positive MTX-LPD in RA patients.

On the other hand, some MTX-LPD cases that are EBV negative and do not have increased serum EBV viral loads exhibit spontaneous regression after MTX cessation.[@r41] Among these MTX-LPD cases, the mechanism of spontaneous regression after MTX withdrawal is not well known. A study of EBV-negative PTLD with increased expression of BCL-6, decreased MUM-1 and IRF4, and less frequent non-germinal center compared with EBV-positive PTLD might be helpful to clarify the mechanism of EBV-negative MTX-LPD.[@r80]

Lymphocytes and MTX-LPD: Transition of the peripheral lymphocyte subset and relationship with the clinical course of MTX-LPD after MTX cessation
------------------------------------------------------------------------------------------------------------------------------------------------

Our group and others previously reported that decreased lymphocyte counts at LPD diagnosis and subsequent restoration following MTX withdrawal are associated with the regression of LPD in RA patients.[@r11]^,^[@r41] In our study, all patients discontinued MTX at the time of LPD diagnosis, and were assessed for LPD at 12 weeks after MTX cessation according to the International Working Group Response Criteria:[@r81] patients were classified into two groups: the regressive LPD group (n = 20) and the persistent LPD group (n = 13). We examined the change in lymphocyte counts from MTX initiation up to 12 weeks after MTX cessation in these groups and in a clinically matched control RA group. In the regressive LPD group, the lymphocyte count gradually decreased after MTX initiation, and reached a significantly lower level than that of the control group at LPD diagnosis \[[Figure 1](#f1){ref-type="fig"}\]. After MTX discontinuation in the regressive LPD group, the lymphocyte count rapidly recovered in 2 weeks and was maintained at equivalent levels to those of the control group \[[Figure 1](#f1){ref-type="fig"}\]. On the other hand, the lymphocyte count in the persistent group did not differ from that in the control group during MTX initiation to LPD diagnosis, and did not increase after MTX cessation \[[Figure 1](#f1){ref-type="fig"}\]. Changes in lymphocyte number following MTX withdrawal were significantly different in the 2 groups, and were able to clearly demarcate the regressive LPD group from the persistent LPD group. This suggested that an increase in lymphocyte count at 2 weeks after MTX cessation predicts LPD spontaneous regression, and may reflect the recovery of the tumor surveillance system after MTX cessation in the regressive LPD group.
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We further reported changes in lymphocyte subsets and cytokines during LPD regression, and assessed the difference in immune status of patients with regressive and persistent LPD.[@r82] In the regressive LPD group, reduced proportions of Th1 cells, effector memory CD8+T cells, and EBV-specific CD8+ T cells were significantly increased to levels equivalent to those of the control group at 4 weeks after MTX cessation, and were maintained through week 12 \[[Figure 2](#f2){ref-type="fig"}\]. On the other hand, the proportion of these subsets of cells in the persistent LPD group was equivalent to that in the control group at LPD diagnosis, and did not significantly change after MTX cessation until week 12 \[[Figure 2](#f2){ref-type="fig"}\]. We also found that the expression of HLA-DR, which we set as an activation marker of effector memory CD8+T cells, increased after MTX cessation only in the regressive LPD group. In addition, the increase in IFN-γ (ΔIFN-γ) was significantly correlated with ΔTh1 cells and ΔEMCD8+ T cells.
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Circulating lymphocyte subsets, including cytotoxic CD8+ T cells, in cancer are regarded as having specific anti-tumor function.[@r83] Taken together, the increase in the number of Th1 CD4+T cells and cytotoxic CD8+T cells, including EBV-specific CD8+T cells, after MTX withdrawal may activate anti-tumor immune responses, culminating in spontaneous regression. Therefore, we hypothesized the excessive inhibition of Th1 cells, EMCD8+T cells, and EBV-specific CD8+ T cells by MTX at the time of LPD development, and their restoration after MTX cessation are specific features of the pathogenic and regression mechanism of regressive LPD. The reduction and recovery of these cell subsets were not observed in persistent LPD, which suggested that persistent LPD is not caused by the inhibition of the "LPD surveillance system" by MTX. Of note, we also found that the change in lymphocyte subsets was similar in different histological subsets of LPD, which suggests that the LPD surveillance system is a common mechanism among different pathological subsets of MTX-LPD.

However, evasion from the host cell-mediated immune system among hematologic tumors has recently been reported. Tumor cognate ligands can engage cytotoxic T-lymphocyte associated protein 4 (CTLA-4) or programmed-death 1 (PD-1) on the surface of T cells, leading to the downregulation of T-cell function.[@r84]^,^[@r85] The association between immune checkpoints and development of MTX-LPD remains to be elucidated.

Other factors associated with the development of MTX-LPD
--------------------------------------------------------

### Age and immune response against malignancy

Age-related EBV-positive B cell LPD is an LPD subset that develops following the decrease in the T cell receptor repertoire due to immune-senescence in the elderly, without underlying diseases that cause immunodeficiency.[@r86] Higher age is also known as an independent risk of MTX-LPD,[@r2]^,^[@r87] and immune-senescence is involved in the pathogenesis. As previously reported, immune-senescence has a partial role in the development of malignant disease.[@r88] Tumor growth is suggested to be enhanced by the decline in T cell function with age due to reduced naive T cell output and memory CD8+ T cells that are near the end stage of replicative senescence, in addition to defects in TCR signaling responses.[@r89]^,^[@r90]

The ability of primary CD8+ T cell responses to pathogens and malignant cells decreases with age due to effects on naïve CD8+ T cells to reduce intrinsic functionality.[@r91] Senescence of T cells is induced by DNA damage following replicative erosion of telomeres and other mechanisms, which result in cell cycle arrest through the induction of cyclin-dependent kinase inhibitors (e.g. p16, p21, p27, and p53).[@r92] Other than CD8+T cells, tumor-associated macrophages, which are collectively thought of as the M2 phenotype, are speculated to have features of senescence.[@r93] Oncogene-induced senescent cells may promote senescence in macrophages through the secretion of senescence-associated secretory phenotype factors.[@r94] Although the role of macrophages in age-related pathologies are unknown, senescence-associated macrophages are hypothesized to influence the immune system to evade tumor cell surveillance.

### HLA risk allele

Genome-wide association studies (GWAS) have revealed the relationship between lymphoma development and human leukocyte antigens (HLAs).[@r95] For example, HLA class I was reported to be associated with EBV-positive cHL: HLA-A\*01:01 is associated with an increased and A\*02:01 with a decreased risk of EBV-positive classical Hodgkin lymphoma.[@r96]^,^[@r97] Therefore, some HLA alleles may influence MTX-LPD development. Our group analyzed HLA alleles in 25 MTX-LPD patients and compared them with Japanese general population, and detected 11 risk alleles (A\*24:02, A\*31:01, A\*11:01, B\*51:01,B52:01, C\*01:02, C\*12:02, DRB1\* 04:05, DRB1\*15:02, DQB1\*04:01, and DQB1\*06:01) in the EBV-positive LPD group with a significantly higher frequency.[@r98] However, the A\*24:02 allele is the common allele in Japanese, and DRB1\*0405 and \*0401 may be linked to the pathogenesis of rheumatoid arthritis. Although other investigators from Kyoto University in Japan reported the association between HLA-B\*15:11 and EBV-positive MTX-LPD in RA patients,[@r75] the patterns of HLA alleles differed from those in our study. This discrepancy may have resulted from the small number of patients and difference in proportion of pathological subtypes and geographic factors between the studies.

Although the MTX dose used in Japanese RA patients is relatively lower than that used in Western countries, a larger number of MTX-LPD cases is reported from Japan. There is no current evidence to explain this discrepancy, but differences in HLAs, genetic diversity in EBV due to geographic factors,[@r99] and body size may influence the prevalence of MTX-LPD.

### Concomitant diseases other than RA

The prevalence of secondary Sjögren syndrome in RA patients ranges from 3.8% to 39.8% among previous reports due to genetic background, geographic factors, and diagnostic criteria.[@r100] Among Japanese RA patients, the comorbidity rate of secondary Sjögren syndrome was reported to be approximately 10%.[@r101] Although primary Sjögren syndrome patients are estimated to have a 10--44-fold higher risk of lymphoma, especially B cell lymphoma, than healthy individuals,[@r102] one large epidemiological study reported that secondary Sjögren syndrome yielded an even higher risk than the primary form.[@r103] On the other hand, several studies have reported a higher risk for patients with primary Sjögren syndrome.[@r104]^,^[@r105] As increased BAFF levels were reported to be associated with the risk of non-Hodgkin lymphoma in primary Sjögren syndrome,[@r106] the environment of chronic B cell stimulation may be associated with the risk of lymphoma development in Sjögren syndrome.[@r102] As the LPD developing in Sjögren syndrome is commonly low-grade B cell lymphoma, especially B-cell marginal zone lymphoma and mucosa-associated lymphoid tissue (MALT) lymphoma, which are not common in MTX-LPD, the environment of chronic B cell stimulation in concomitant Sjögren syndrome does not directly influence the pathogenesis of MTX-LPD, but it may indirectly influence MTX-LPD in RA patients.

Although the association between other autoimmune diseases, such as systemic lupus erythematosus (SLE) and lymphoma, has been reported,[@r102] their comorbidity rate in RA is low compared with that of Sjögren syndrome.

### Other agents associated with LPD development

The use of tacrolimus[@r2] and salazosulfapyridine[@r42] has been reported as an independent risk factor for LPD development following the evaluation of LPD risk in RA patients. In the previous study of LPD risk in 19,591 RA patients over 89,710 person-years, which included 10,815 who received anti-TNF therapy, there was no significant relationship between the incidence of LPD and RA therapy.[@r63] In addition, there are no reports that non-TNF biologic therapy including tocilizumab and abatacept increases the risk of developing LPD, similar to the two previous reports.[@r2]^,^[@r42] The age and sex standardized incidence rates (SIR) for lymphoma in tofacitinib, a JAK 1/3 inhibitor, -treated RA patients were similar to those observed in long-term studies of RA patients treated using other biologic DMARDs.[@r107] Although a recent report noted a significantly higher frequency of aggressive B-cell lymphoma among JAK1/2 inhibitor-treated myelofibrosis patients than in those who received conventional therapy,[@r108] the risk of LPD development during JAK inhibitor treatment must be carefully assessed in the future.

CONCLUSION AND FUTURE OUTLOOK: HYPOTHETICAL IMMUNOLOGICAL MECHANISM FOR THE DEVELOPMENT AND REGRESSION OF MTX-LPD IN RA PATIENTS
================================================================================================================================

We discussed the hypothetical immunological mechanism of the development and regression of MTX-LPD in RA patients \[[Figure 3](#f3){ref-type="fig"}\]. Although MTX may have positive effects by suppressing RA inflammation and reducing the risk of RA associated LPD, the excessive inhibition of Th1 CD4+T cells and effector memory CD8+ T cells, including EBV-specific cytotoxic cells, by MTX at the time of LPD development, and their restoration after its withdrawal may be specific features of the pathogenic and regression mechanism of 'regressive MTX-LPD', as a narrow sense of 'MTX-associated LPD'. Both the RA environment and MTX use may have negative effects on EBV surveillance. Other risk factors, such as immune senescence, HLA risk allele, other immunosuppressants, and concomitant Sjögren syndrome, can also influence LPD development in RA patients.
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In order to confirm this hypothesis, assessment of immune checkpoints, including the PD-1 pathway, and of the involvement of MTX in the characteristics of gene expression and immunohistochemical patterns of MTX-LPD is warranted in the future.
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